Background: Contrast-induced acute kidney injury (CI-AKI) is one of the possible complications in angiography, which its prevention is important. N-acetylcysteine is one of the compounds that has recently been more investigated regarding its effect on CI-AKI. Objectives: The aim of this study was to investigate the effect of standard dose and twice-thestandard of N-acetyl cysteine on prevention of contrast-induced nephropathy.
Background
Contrast-induced acute kidney injury (CI-AKI) is the third leading cause of acute renal failure in hospitalized patients with a prevalence of 2% in low-risk people and up to 50% in high-risk groups of the population (1-3). CI-AKI is generally defined as an absolute (≥0.5 mg/dL) or relative (≥25%) increase in serum creatinine concentrations compared to the basal values following exposure to a contrast agent (2) . The increase in serum creatinine usually peaks 3 days after receiving the contrast agent and then returns to its initial level after 10 days (4). One of the most important applications of contrast agents is in major angiographies, such as coronary artery angiography. N-acetylcysteine is one of the compounds that has recently been more investigated in terms of its effect on CI-AKI. This compound is a strong antioxidant that can largely neutralize contrastinduced renal toxicity by inhibiting contrast-activated oxygen free radicals (4) . In addition to inhibiting oxygen free radicals, N-acetylcysteine can establish normal renal hemodynamics through the effects of vasodilation, and by controlling all the above three mechanisms for the development and progression of CI-AKI, N-acetylcysteine is predicted to be a good medication for the prevention and treatment of CI-AKI (1, 2, 5) . This subject was first studied in 2000, and the results obtained were satisfactory, such that N-acetylcysteine was able to reduce the prevalence of CI-AKI significantly, from 21% to 2% in the group receiving this medication compared to the group that simply received hydration treatment (6) . Given all the above information, N-acetylcysteine appears to be a medication with potential effects in preventing and treating CI-AKI, however, the results from different studies, including meta-analysis and independent clinical trials, are not in complete agreement with each other on this subject and have yielded contradictory results (4, 5) . The results from a meta-analysis of 41 clinical trials with a total sample size of 6379 showed that N-acetylcysteine reduced the risk of CI-AKI significantly in patients who used this medication (7) . The results of another study, however, showed that N-acetylcysteine is only beneficial in patients with basal serum creatinine levels less than 1.9 mg/dL or patients who have received more than 140 mL of the contrast agent (8) . The results of an extensive retrospective study conducted on 2308 patients receiving contrast agents showed that the prevalence of CI-AKI was 12.7% in both the N-acetylcysteine and control groups, and the two groups were not significantly different regarding serum creatinine, and this finding contradicts the results of other studies (4) . In addition to the contradictions cited in various studies regarding the administration of N-acetylcysteine for the prevention and progression of CI-AKI, different guidelines have also expressed conflicting views. For instance, the Kidney Disease Improving Global Outcomes (KDIGO) guideline has recommended the administration of oral N-acetylcysteine in patients at risk for CI-AKI (9) . The American Heart Association and the American College of Cardiology have not recommended this medication and considered proper hydration sufficient for the patients (10).
Objectives
Given that not many studies have been conducted on the effect of different doses of N-acetylcysteine in preventing CI-AKI, and since there is not much evidence on the prevention of CI-AKI with the administration of high doses of oral N-acetylcysteine, the present study was conducted to determine the effect of standard and twice-the-standard doses of N-acetylcysteine on the prevention of CI-AKI in patients presenting to Kowsar hospital in Semnan in 2016.
Patients and Methods

Study population
This single-blind, randomized, controlled, clinical trial was conducted on 154 patients undergoing coronary artery angiography or angioplasty at the angiography department of Kowsar hospital of Semnan who met the inclusion criteria and consented to take part and who were selected through randomized blocks of 2, 4, 6, 8 and 10. The patients were randomly assigned to either the standard or the twice-the-standard dose list, and they were blinded to the medication they were administered. The two groups were matched as much as possible in terms of age, weight, type of underlying disease, and type and dose of the contrast received. The inclusion criteria were having a glomerular filtration rate (GFR) less than 60 mL/min and age range of 18 and over. The exclusion criteria consisted of being pregnant or breastfeeding, undergoing dialysis, having uncontrolled hypertension (blood pressure ≥160/100 mm Hg), a basal serum creatinine >7 mg/dL, having severe heart valve disease, self-immune diseases, acute or chronic infections, having administered contrast agents over the past 10 days, allergy to contrast agents or N-acetylcysteine, oliguria (a urine volume <400 cc/24 hours), severe heart failure with an ejection fraction of <35% and having received vitamin C supplement in the past week. The study subjects were divided into group A and B according to the noted randomized allocation method in the following manner;
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Group A; intervention group 1 (n=77); receiving oral N-acetylcysteine at the standard dose + saline 9% infusion; receiving a 600-mg dose of oral N-acetylcysteine twice a day for 2 days (1 day before + 1 day after receiving the contrast agent) + saline 9% infusion (100 mL infusion per hour) from 6 hours before to 12 hours after receiving the contrast agent. Group B; intervention group2 (n=77); receiving oral N-acetylcysteine at the twice-the-standard dose + saline 9% infusion; receiving a 1200-mg dose of oral N-acetylcysteine twice a day for 2 days (1 day before + 1 day after receiving the contrast agent) + saline 9% infusion (100 mL infusion per hour) from 6 hours before to 12 hours after receiving the contrast agent. Demographic details including age, gender, renal disease pressure, heart failure and type and dose of contrast agent, contrast-induced complications (CI-AKI and hypotension), and laboratory criteria including serum creatinine, blood urea nitrogen (BUN) and GFR before and 24, 48 and 72 hours after receiving the contrast agent, and also the hematocrit levels were recorded. 
Ethical issues
Statistical analysis
Data were analyzed using statistical tests including the t-test or its non-parametric equivalent (Mann-Whitney's U test) for the quantitative variables, and the chi-square test or Fisher's exact test for the qualitative variables. Wherever possible, a multivariate linear regression model was used for determining whether the underlying variables were matching. The confidence interval was set at 95% and the significance level as P<0.05 for all the tests. When the direction of the effect of a variable could not be predicted, the double-range test was used. The results were ultimately expressed as arithmetic mean ± arithmetic standard deviation. A database was created and the input data were presented in the form of tables and figures. Data were analyzed using SPSS 19 and Stata 9.2. All the data remained confidential, and consents were obtained from all the study subjects, and they were ensured of their right to withdraw from the study at any stage.
Results
The present study was conducted on 154 eligible subjects. The patients were randomly assigned into two groups using randomized blocks.
Of all the participating patients, 64 (41.6%) were male and 90 (58.4%) were female. The patients' mean age was 71.45±8.94 years, and the difference between the two groups was not significant (P = 0.865).
Analytical results
The analytical results showed no significant differences between the two groups in terms of BUN, creatinine and GFR 24, 48 and 72 hours after the angiography or angioplasty (Mann-Whitney U test).
The hematocrit effect
Given the cut-off point of 36 for the hematocrit level, the analytical results of comparing the mean BUN, creatinine and GFR before and 24, 48 and 72 hours after angiography in patients with a hematocrit less than and more than 36 showed no significant relationship in group A. Nonetheless, significant differences in mean BUN, creatinine and GFR before and 24, 48 and 72 hours after angiography in the patients with a hematocrite less than and more than 36 (increased BUN and creatinine and reduced GFR; the twice-the-standard dose negatively affected the improvement of the renal function parameters) were observed.
The effect of chronic kidney disease
Taking into account the effect of chronic kidney disease (CKD), the analytical results of comparing the mean BUN, creatinine and GFR before and 24, 48 and 72 hours after angiography in the patients with and without CKD showed significant differences in BUN and creatinine 24, 48 and 72 hours after angiography.
Accordingly, a significant difference in GFR 72 hours after angiography in group A was observed. In group B, however, no significant differences in the mean GFR before and 24, 48 and 72 hours after angiography in the patients with and without CKD was observed. In fact, using a twice-the-standard dose had positive effects on GFR in patients with CKD.
The effect of congestive heart failure
Study on the impact of congestive heart failure (CHF), the analytical results of comparing the mean BUN, creatinine and GFR before and 24, 48 and 72 hours after angiography in patients with and without CHF showed significant differences in GFR 48 and 72 hours after angiography in group A. In group B, the mean GFR Journal of Nephropathology, Vol 6, No 3, July 2018
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The effect of the contrast agent
Using a double dose has no effect on renal function parameters depending on the type of administered contrast agent. The results showed no significant differences between groups A and B in mean BUN, creatinine and GFR before and 24, 48 and 72 hours after angiography.
The impact of the dose of the contrast agent
Using a double dose has no effect on renal function parameters depending on the dose of contrast agent used. The results showed no significant differences between groups A and B in mean BUN, creatinine and GFR before and 24, 48 and 72 hours after angiography.
Discussion
A total of 154 people were assessed in this study in two groups (n=77 per group) in order to determine the effect of twice-the-standard dose of N-acetylcysteine in preventing CI-AKI. The results showed that using the double dose does not affect the genders differently. Using the twice-the-standard dose had a positive effect on renal function in people with CKD and CHF compared to those without. An interesting point in this study is that the twice-the-standard dose had a negative impact on renal function in patients with a low hemoglobin and hematocrit, and it can be argued that double-dose should not be administered to such patients. Studies on the effect of N-acetylcysteine in preventing nephropathy and improving renal function in people receiving contrast agents have yielded contradictory findings, and such results were also observed in the present study. A clinical trial conducted by Richter et al in the United States showed that of 302 patients assessed (151 who received N-acetylcysteine and 151 who received saline), renal function was significantly worse in the N-acetylcysteine group compared to the saline group (serum creatinine level; 1.415 mg/dL versus 0.95 mg/ dL, respectively; P < 0.001). However, the percentage of those with advanced contrast-induced nephropathy (CIN) was significantly lower in the N-acetylcysteine group compared to the other group (10.2% versus 21.8%, respectively; P = 0.042) (4). These results resembled our findings in many respects. In our study, the twice-thestandard dose had negative effects on renal function in patients with anemia and in the older patients, however the twice-the-standard dose had positive effects on renal function in patients with CKD and CHF. In another systematic review and meta-analysis conducted in 2015, the role of N-acetylcysteine in preventing CI-AKI was assessed in patients with diabetes and those with mild renal failure. According to the results of the meta-analysis study, CI-AKI occurred significantly less in N-acetylcysteine group in 20 of the studies (OR=0.76, 95%CI: 0.61-0.93; P = 0.008), but nine of the studies did not find significant differences between the N-acetylcysteine and the control group (OR=0.87, 95%CI: 0.58-1.3; P = 0.5). The authors of the meta-analysis concluded that N-acetylcysteine can be administered in CI-AKI prevention. However, because of the contradictory results reported in different studies, providing definite proof of this argument requires further research (11) . Our findings are in some ways similar to the above results. In our study, negative effects were observed, especially in those with anemia and in the older patients, but the twice-the-standard dose had a positive effect on renal function in the patients with CKD and CHF. These results are also somewhat contradictory.
In another study in 2013, Loomba et al examined the role of N-acetylcysteine in preventing CI-AKI as reported in different studies. The analysis of the results obtained from different studies showed that the intravenous or oral administration of N-acetylcysteine can be administered in preventing CI-AKI, although no significant relationship was observed between this medication and the need for dialysis or patient mortality. This meta-analysis also showed that using N-acetylcysteine has no relationship with the dose or type of the contrast agent. It seems that the exact role of N-acetylcysteine in preventing CI-AKI is challenging still and need further investigations. Further studies are therefore required in this field, while future meta-analysis can offer more precise explanations of the subject (12).
Our results are very similar to the results of the Loomba et al study. Our study also showed no relationship between N-acetylcysteine administration and the dose and type of the contrast agent. One review study assessed the biological and pharmacological characteristics of N-acetylcysteine to determine its CI-AKI preventive effects. The results showed that N-acetylcysteine reduces creatinine levels significantly. They suggested that the practical dose 
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Our findings suggest that increasing the dose has no effect on diabetic patients. The positive effects were only observed in patients with CKD and CHF, while in cases with a low hemoglobin and hematocrit, increasing the dose had negative effects, which disagrees with the results of the cited meta-analysis.
Conclusions
The present study showed that increasing the dose of N-acetylcysteine is not effective in preventing CI-AKI or improving renal function in people receiving contrast agents. Nevertheless, positive results were observed in some groups, such as in patients with CKD and CHF, while people with a low hematocrit and hemoglobin experienced adverse renal outcomes when their dose was increased.
Limitations of our study
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